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© Described herein is photographic processing ap- 
paratus which includes a vessel (13) in which a tank 
(12) and rack (11) are located, the tank (12). and rack 
(11) defining a space (10) through which photo- 
graphic material (21) to be processed passes. Pro- 
cessing solution is recirculated from an outlet (6) 
from the tank (12) via a pump (17), manifold (20), 
filter (25) and heat exchanger (26) and back to tank 
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257^ 



(12). A replenishing system (245, 246, 248, 255, 259) 
is provided which operates automatically to intro- 
duce fresh processing solution into the recirculating 
processing solution in the manifold (20). The system 
(245, 246, 248, 255, 259) comprises a pump (246) 
driven by a motor/motor driver arrangement (255, 
259) which is connected between a reservoir (245) of 
replenishing solution and a metering vessel (248). 
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Field of the Invention 

The present invention relates to photographic 
processing apparatus and is more particularly con- 
cerned with automatic replenishment, calibration 
and metering systems for use with such apparatus. 

Background of the Invention 

The processing of photosensitive material in- 
volves a series of steps such as developing, 
bleaching, fixing, washing, and drying. These steps 
lend themselves to mechanization by conveying a 
continuous web of film or cut sheets of film or 
photographic paper sequentially through a series of 
stations or tanks, each one containing a different 
processing liquid appropriate to the process step at 
that station. 

There are various sizes of photographic film 
processing apparatus, i.e., large photofinishing ap- 
paratus and microlabs. A large photofinishing ap- 
paratus utilizes tanks which contain approximately 
100 liters of each processing solution. A small 
photofinishing apparatus or microlab utilizes tanks 
which may contain less than 10 liters of processing 
solution. 

The chemicals contained in the processing so- 
lution: cost money to purchase; change in activity; 
and are seasoned by the constituents of the pho- 
tosensitive material which leach out during the pho- 
tographic process; and after the chemicals are 
used the chemicals must be disposed of in an 
environmentally safe manner. Thus, it is important 
in all sizes of photofinishing apparatus to reduce 
the volume of processing solution. 

The prior art suggest various types of replen- 
ishing systems which add or subtract specific 
chemicals to the processing solution to maintain a 
consistency of photographic characteristics in the 
material developed. Photosensitive material pro- 
cessing equipment typically consists of several 
large volume tanks of processing solution that the 
exposed photosensitive material is driven or towed 
through to produce an image, as the photosensitive 
material is processed the strength of the process- 
ing solutions is diminished and will eventually be- 
come exhausted. To prevent the continual weaken- 
ing of the processing solution additional fresh pro- 
cessing solution is added to the tank solution at a 
rate equivalent to the rate of use and rate of carry 
out of the processing solution. The above maintains 
processing solution activity and volume. Typically 
the replenish is very small compared to the work- 
ing processing tank volume. A typical ratio of re- 
plenishment per square foot of photosensitive ma- 
terial for a large volume tank would be 0.00025 to 
0.00075 of the tank volume. Since the above ratio 
is small the effect of pulsing delivery and cyclic 



variation of the replenishment delivery by 5 or 1 0% 
over time, does not have an immediate significant 
effect on the processing solution. 

Typical replenishment is accomplished by us- 
5 ing a single standard bellow pump (like Gorman- 
Rupp single bellow metering pump mode number 
13300-007). When replenishment is required the 
pump is turned on/off through known means and 
the replenishment solution is pumped in "doses" or 

w "squirts" usually into the top of the main process- 
ing tank in close proximity to the recirculation sys- 
tem. As the bellows pumps delivers solution to the 
top of the tank, the bellows pumps are not exper- 
iencing any variable back pressure or head. As the 

75 replenishment in the large tank occurs, the pres- 
sure is only that of line restriction and gravity from 
the replenishment storage tanks to the solution 
delivery location. The pulsing delivery is accept- 
able as the ratio of replenishment to tank solution 

20 is very small. The above pump works well for large 
volume tanks, because the large volume of solution 
acts as a ballast. 

Replenishment calibration is typically a manual 
operation involving running the replenishment 

25 pump and measuring the solution output volume. 
This measuring device used is most often a gradu- 
ated cylinder. The measured amount of solution is 
compared to the chemical manufacturers 1 speci- 
fication for the type of photosensitive material and 

30 amount of replenishment solution required to be 
added. 

Successive timed measurements of replenish- 
ment solution delivery are made to determine the 
actual replenishment solution delivery rate. If ad- 

35 justments are required, a manual adjustment of the 
bellows pump is made. Following the adjustment, 
the delivery of replenishment solution is again 
measured, and further adjustments are made until 
the delivery of replenishment solution is consis- 

40 tently at the required amount. During the above 
adjustment time, the processor can not be used to 
process photosensitive materials. Thus, the proces- 
sor would not be processing photosensitive materi- 
als when the pumps are being calibrated. 

45 

Problems to be solved by the Invention 

The prior art utilized is a manual time consum- 
ing procedure, requiring an experienced operator to 

50 measure the replenishment delivery amounts prior 
to and following each calibration and adjustment of 
the replenishment pumps. 

Typically the calibration and adjustment of the 
pumps can take 30 minutes to 4 hours. Further- 

55 more, the calibration and adjustments are subject 
to human error. If the accuracy of the processor is 
not maintained then the processor will not produce 
products having consistent quality. 
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As the tank volumes are reduced, the ratio of 
replenisher delivery to tank volume significantly 
increased for example by a factor of 10 for a tank 
one tenth the volume of a standard 20 liter tank. 
Because the tank volume is small, the "pulse" or 
"squirt" delivery of the bellows pump has a greater 
impact on the tank solution consistency. This pul- 
sing delivery creates pulsing or cyclic activity in- 
creases and decreases in the processor as its 
volume percentage is greater in the lower volume 
tank. 

The consistency of replenishment solution de- 
livery is also more critical in smaller processing 
volumes. 

Another problem in the prior art is that when 
the pumps are turned on the rotational position of 
the pump varies. Similarly when the pumps are 
turned off the pump drive motor coasts stopping 
rotation at an unknown position. The above causes 
a variation of replenishment solution delivery over a 
constant time interval when the pumps are ac- 
tivated. 

Summary of the Invention 

This invention overcomes the disadvantages of 
the prior art by providing a replenishment pump 
calibration system which is integrated into the pro- 
cessor so that no manual measurement or special 
tools are required to set replenishment solution 
rates. As this is an integrated operation it can be 
done very quickly and accurately without requiring 
an experienced operator and excessive down time. 

In accordance with one aspect of the present 
invention, there is provided apparatus for process- 
ing photosensitive materials comprising:- 

a vessel in which a tank and rack are located, 
the rack and the tank are relatively dimensioned so 
that a volume for holding and moving processing 
solution and photosensitive material is formed, pro- 
cessing solution flowing through the rack and tank; 

characterized in that the apparatus further 
comprises replenishing means for replenishing the 
processing solution in precisely controlled volumes 
in order to uniformly distribute the replenished so- 
lution. 

By combining two or more bellows pumps to- 
gether in parallel and equally offsetting the replen- 
ishment solution delivery cycle of each bellows 
pump, the "pulsing" may be smoothed to a more 
consistent solution delivery rate per rotation of the 
pump drive motor. A stepper motor may be used 
to drive the bellows pumps. Small delivery changes 
may be made by simply changing the stepper 
motor drive frequency. The pump drive frequency 
is directly proportional to the replenishment solu- 
tion delivered. This allows the start and stop rota- 
tional position of the bellows pumps to be known. 



By combining the aforementioned bellows 
pumps and stepper motor with a constant metering 
vessel and control system automatic replenishment 
calibration may be achieved. A single bellows 

5 pumps may be connected to a stepper motor with 
variable rotational speed such that the time for 
filling of the bellows is minimized and the time for 
emptying the bellows is maximized. Therefore the 
speed of the pump may be varied during the 360 * 

w rotation to provide a smooth nonpulsing delivery of 
the replenished solution. 

Advantageous Effect of the Invention 

75 The above arrangement, provides a method for 

accurately replenishing processing solution through 
a low volume photographic material processing ap- 
paratus. 

This invention also permits start up and shut 
20 down of the replenishment pumps, while allowing 
the processor to produce products having consis- 
tent quality. 

Another advantage of this invention is that the 
calibration of the replenishment pumps requires 
25 minimal human intervention. Thus, reducing opera- 
tion error. 

An additional advantage of the replenishment 
system is that the photographic processor may 
remain in operation while the replenishment system 
30 is being calibrated, checked or different solution 
replenishment rates are implemented. 

Brief Description of the Drawings 

35 For a better understanding of the present in- 

vention, reference will now be made, by way of 
example only, to the accompanying drawings in 
which:- 

Rgure 1 is a schematic diagram of the process- 
40 ing solution recirculation replenishment and cali- 
bration system of the apparatus in accordance 
with the present invention; and 
Figure 2 shows a bellows pump which can be 
used in the system shown in Figure 1 . 

45 

Detailed Description of the Invention 

Referring now to the drawings in detail, and 
more particularly to Figure 1, the reference char- 
so acter 11 represents a rack, which may be easily 
inserted and removed from tank 12. Rack 11 and 
tank 12 form a low volume photosensitive material 
processing vessel 1 3. 

When rack 11 is inserted in tank 12, a space 
55 10 is formed. Rack 11 and tank 12 are designed in 
a manner to minimize the volume of space 10. 
Outlet 6 from vessel 13 is connected to recir- 
culating pump 17 via conduit 16. Recirculating 
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pump 17 is coupled to manifold 20 via conduit 5 
and manifold 20 is coupled to filter 25 via conduit 
24. Filter 25 is connected to heat exchanger 26 and 
heat exchanger 26 is connected to space 10 via 
conduit 4. Heat exchanger 26 is also connected to 
control logic 29 via wire 9. Control logic 29 is 
connected to heat exchanger 26 via wire 8 and 
sensor 27 is connected to control logic 29 via wire 
28. Overflow sensor 120 is connected to logic 29 
via wire 147. Solution replenishment vessel 245 is 
connected to metering pump 246 via conduit 247. 
Metering pump 246 is connected to metering ves- 
sel 248 via conduit 249. Metering vessel 248 is 
connected to manifold 20 via conduit 250. Metering 
vessel 248 is connected to replenishment vessel 

245 via conduit 251, valve 252 and conduit 253. 
Metering pump 246, metering vessel 248, valve 
252 and motor drive 255 are connected to micro- 
processor 254. 

The photographic processing chemicals which 
comprise the photographic solution are placed in 
replenishment vessel 245. The desired replenish- 
ment rate is entered into control logic 29 by any 
known means such as manually or scanning the 
desired information through the control panel of 
control logic 29. Metering pump 246 and metering 
vessel 248 are used to place the correct amount of 
chemicals in manifold 20, when photosensitive ma- 
terial sensor 300 senses that material 21 is enter- 
ing space 10. Sensor 300 transmits a signal to 
control logic 29 via line 301. Control logic 29 sends 
a signal via wire 257 to microprocessor 254. Micro- 
processor 254 transmits a signal via wire 258 to 
motor driver 255. Motor 259 is the B & B Motor 
Corp., motor model No. BV6G-60 and motor driver 
255 is the B & B gear motor driver No. C-10PN-4. 
Motor 259 and motor driver 255 are manufactured 
by B & B Motor And Control Corp. of Apple Hill 
Commons, Burlington, CT 06013. Microprocessor 
254 is the Intel 8051 Microcontroller manufactured 
by Intel Corp. of 3065 Bowers Avenue, Santa Clara, 
CA 95051. Motor driver 259 transmits a signal to 
motor 259 via wire 260. Motor 259 may be a 
stepper motor or a motor which may be controlled 
to a variable speed. The above signal energizes 
motor 259 which causes replenishment solution to 
be pumped from replenishment vessel 245 through 
conduit 247 into pump 246. Pump 246 is a single 
bellows pump with 360 • rotational speed whose 
speed can be varied during the 360° rotation to 
provide smooth non-pulsing solution output or 
pump 246 is a combination of two or more bellows 
pumps which are connected together equally out of 
rotational phase with their input and output lines 
connected in parallel so that the-solution delivery is 
smoothed to a more consistent solution delivery 
rate per rotation of the pump drive motor. Pump 

246 pumps solution through conduit 249 into me- 



tering vessel 248. Thereupon the replenishment 
solution moves through conduit 250 into manifold 
64. 

At start up of vessel 13 or when replenishment 
5 calibration is initiated, valve 252 is opened which 
drains the contents of metering vessel 248 through 
conduit 253 into replenisher vessel 245. Valve 252 
is then closed, microprocessor 254 signals motor 
driver 255 which starts motor 259 at a constant rate 
w driving pump 246. Replenisher solution is pumped 
from replenisher vessel 245 via conduit 247 into 
metering vessel 248 via conduit 249 by pump 246. 
As the solution is pumped through metering vessel 
248 the solution passes sensors 268, 269, 270, 271 
75 and 272. Sensors 268, 269, 270, 271, 272 are used 
to sense the rate of solution flow through metering 
vessel 248. As metering vessel 248 is a constant 
volume vessel the replenishment rate may be de- 
termined by microprocessor 254. 
20 The rate measured by sensors 268, 269, 270, 

271 , 272 is compared to the desired replenishment 
rate inputted into control logic 29 and transmitted 
to microprocessor 254. Microprocessor 254 signals 
motor driver 255 to speed up or slow down motor 
25 259 as required to meet replenishment rate re- 
quirements. Manifold 20 introduces the photo- 
graphic processing solution into conduit 24. 

The photographic processing solution flows 
into filter 25 via conduit 24. Filter 25 removes 
30 contaminants and debris which may be contained 
in the photographic processing solution. After the 
photographic processing solution has been filtered, 
the solution enters heat exchanger 26. 

Sensor 120 senses the solution level 86 and 
35 sensor 27 senses the temperature of the solution 
and respectively transmits the solution level and 
temperature of the solution to control logic 29 via 
wires 147 and 28 respectively. For example, con- 
trol logic 29 contains the series CN 310 solid state 
40 temperature controller manufactured by Omega 
Engineering, Inc. of 1 Omega Drive, Stamford, 
Connecticut 06907, and Intel 8051 Microcontrollers. 
Logic 29 compares the solution temperature 
sensed by sensor 27 and the temperature that 
45 exchanger 26 transmitted to logic 29 via wire 9. 
Logic 29 will inform exchanger 26 to add or re- 
move heat from the solution. Thus, logic 29 and 
heat exchanger 26 modify the temperature of the 
solution and maintain the solution temperature at 
so the desired level. 

Sensor 120 senses the solution level in space 
10 and transmits the sensed solution level to con- 
trol logic 29 via wire 147. Logic 29 compares the 
solution level sensed by sensor 120 via wire 147 to 
55 the solution level set in logic 29. Logic 29 will 
inform valve 135 and pump 140 via line 310 to add 
additional processing solution from tank 154 
through conduit 141 into pump 140. Thereupon, 
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pumps 140 will transmit solution into conduit 302 
via conduit 141 and valve 135. Once the solution 
level is at the desired set point control logic 29 will 
inform pump 140 and valve 135 to stop adding 
additional solution. 5 

When vessel 13 contains too much solution the 
excess solution will be removed by drain 14 and 
flow into reservoir 15. 

Figure 2 shows one embodiment of pump 246. 
Pump 246 comprises bellows 275, 276 and 277, w 
crank shaft 278 and connecting rods 279, 280 and 
281 . Shaft 278 is respectively connected to bellows 
275, 276 and 277 by connecting rods 281 , 280 and 
279. Connecting rods 279, 280 and 281 are inter- 
connected to shaft 278, 120° out of rotational 75 
phase with each other. One skilled in the art would 
realize that other pumps or devices may be used in 
place of or in combination with bellows pumps, i.e., 
piston pumps and peristaltic pumps, etc. Also the 
rotational speed of a single bellows pump may be 20 
varied during each rotational cycle to smooth out or 
reduce the pulsing delivery of the replenished solu- 
tion. 

When pump drive motor 259 is energized shaft 
278 will rotate and connecting rods 279, 280 and 25 
281 will alternately compress and expand bellows 
pumps 275, 276 and 277. Thereupon drawing re- 
plenishment solution through conduit 247 and forc- 
ing replenishment solution out through conduit 249. 
Pump inlets 282, 283 and 284 are connected to 30 
replenishment vessel 245 (Figure 1) via conduit 
247. Outlets 285, 286 and 287 are connected to 
metering vessel 248 via conduit 249. 

The above specification describes a new and 
improved apparatus for processing photosensitive 35 
materials. It is realized that the above description 
may indicate to those skilled in the art additional 
ways in which the principles of this invention may 
be used without departing from the spirit. It is, 
therefore, intended that this invention be limited 40 
only by the scope of the appended claims. 

Claims 

1. Apparatus (10, 11, 12, 13) for processing pho- 45 
tosensitive materials (21) comprising:- 

a vessel (13) in which a tank (12) and rack 
(11) are located, the rack (11) and the tank (12) 
are relatively dimensioned so that a volume 

(10) for holding and moving processing solu- 50 
tion and photosensitive material (21) is formed, 
processing solution flowing through the rack 

(11) and tank (12); 

characterized in that the apparatus (10, 11, 
12, 13) further comprises replenishing means 55 
(245, 246, 248, 255, 259, 275, 276, 277, 278, 
279, 280, 281) for replenishing the processing 
solution in precisely controlled volumes in or- 



der to uniformly distribute the replenished so- 
lution. 

2. Apparatus according to claim 1, wherein the 
replenishing means (245, 246, 248, 255, 259, 
275, 276, 277, 278, 279, 280, 281) comprises 
at least one pump (246; 275, 276, 277) which 
outputs a uniform amount of processing solu- 
tion. 

3. Apparatus according to claim 2, wherein the 
two or more pumps (275, 276, 277) are pro- 
vided which are connected out of phase. 

4. Apparatus according to claim 3, wherein the 
pumps (246; 275, 276, 277) are selected from 
the group consisting of bellows pumps, piston 
pumps and peristaltic pumps. 

5. Apparatus according to claim 1, wherein the 
replenishing means (245, 246, 248, 255, 259, 
275, 276, 277, 278, 279, 280, 281) comprises a 
pump that has a uniform delivery output which 
is controlled by adjusting the input cycle of the 
pump. 

6. Apparatus according to claim 1, further includ- 
ing calibration means (254, 268, 269, 270, 271 , 
272) coupled to the replenishing means (245, 
246, 248, 255, 259, 275, 276, 277, 278, 279, 
280, 281) for changing and verifying the rate of 
deliver of replenished processing solution. 

7. Apparatus according to claim 6, wherein the 
calibration means (254, 268, 269, 270, 271, 
272) includes a microprocessor (254) coupled 
to a metering vessel (248) of the replenishing 
means (245, 246, 248, 255, 259, 275, 276, 277, 
278, 279, 280, 281) to automatically measure 
the rate of delivery of replenished processing 
solution. 

8. Apparatus according to claim 6, wherein the 
calibration means (254, 268, 269, 270, 271, 
272) includes a microprocessor (254) coupled 
to a metering vessel (248) of the replenishing 
means (245, 246, 248, 255, 259, 275, 276, 277, 
278, 279, 280, 281) to automatically adjust and 
control the rate of delivery of replenished pro- 
cessing solution. 

9. Apparatus according to any one of claims 6 to 
8, wherein the calibration means (254, 268, 
269, 270, 271, 272) is coupled to the replenish- 
ing means (245, 246, 248, 255, 259, 275, 276, 
277, 278, 279, 280, 281) for verifying and 
controlling the rate of delivery of replenished 
processing solution while the processing ap- 
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paratus is processing photosensitive materials 
(21). 

10. Apparatus according to any one of claims 6 to 

8, wherein the calibration means (254, 268, 5 
269, 270, 271, 272) is coupled to the replenish- 
ing means (245, 246, 248, 255, 259, 275, 276, 
277, 278, 279, 280, 281) for automatically veri- 
fying and changing the rate of delivery of re- 
plenished solution while the processing ap- 10 
paratus is processing photosensitive materials 
(21). 
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